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ABSTRACT: The Pearl River Estuary is located midway along the northern boundary of the South China Sea. 
According to the impacts of large-scale human activities, the shape of coastline, topographical feature and the ocean 
dynamical environment of the Pearl River estuary have changed significantly since 1970s. In this paper, the integrated 
application of remote sensing and GIS technology was used to analyze the shoreline evolution in the Pearl River estuary 
over the past nearly 30 years. In addition, a subaqueous digital elevation model which was constructed based on 
ArcInfo platform of GIS technique had been used to analyze the change degree and the time-space distribution features 
of erosion and siltation in the Pearl River estuary during the given period, quantitatively. The results indicated that it 
was in a silting-up state with seaward extending of shoreline in the Pearl River Estuary recently. The major factors 
influencing the evolution in the Pearl River estuary, such as human activities and estuarine dynamics, were 
systematically analyzed. It was found that human activities had played a more important role in the estuarine evolution 
and the estuarine dynamic environment. The research results would provide some basic reference for the prediction of 
the estuarine evolution trend as well as the governance and protection in estuary.  
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INTRODUCTION 
With a complex dynamic mechanism caused by the 
interaction between river and sea, the estuarine and 
coastal area always becomes a most important political, 
economic, education center all over the world. The Pearl 
River delta is one of the regions, where the industrial, 
agricultural and the economic development boom rapidly 
in China. Due to the changes of the estuarine 
characteristics caused by the large scale integrative 
development during recent years, the natural evolution in 
the Pearl River estuary changed. In fact, comparing with 
natural factors, human activities has been found playing 
a more and more important role in the evolution of the 
Pearl River estuary over the past 30 years. Therefore, it 
is meaningful to get insight into the coastline changing 
trends in the last few decades, so that some suggestions 
for a long-term developing and utilizing the coastal 
resources would be put forward. Moreover, to explicate 
further about the mechanism of the coastal evolution, it 
is equally necessary to clarify the major influential 
factors in the estuarine evolution as well as their 
importance degree.  
Coastal evolution is always an important research 
topic in coastal dynamics, with three main methods 
including field data analysis, numerical simulation and 
remote sensing technology. Although it is an effective 
method to investigate the evolution with the field data, 
there is not always enough historical topographic data. In 
consideration of this limitation, hydrodynamic models 
and sediment models are coupled to analyze the 
shoreline evolution trends (Meyer et al. 2008, 
Appeaning Addo et al. 2008). However, due to the 
complexity of sediment movement, it is difficult to 
construct mathematical models to simulate the real 
condition of the coastal evolution. Therefore, remote 
sensing and GIS technology, which has been considered 
as an important method in the analysis of shoreline 
evolution, receives more attention from researchers 
nowadays (e.g. Frihy et al. 1994, White and El Asmar 
1999, Fromard and Proisy 2004, EI Banna and Frihy 
2009). According to the analysis of existing digital 
elevation models, it is found that different regions have 
different developing laws in the Pearl River estuary 
where there are eight mouths (Chen et al. 2010, Yu et al. 
2011). Combining the method of remote sensing with the 
method of field investigation, the correlation between 
shoreline evolution and water project has been 
quantitatively analyzed in some local regions, and the 
analysis results show that human activities such as 
coastal reclamation and channel regulation projects tend 
to show a significant effect on coastal evolution in the 
Pearl River estuary recently (Yue et al. 1998, Zhu 2002, 
Li and Damen 2010).  
Although the research of the evolution on the Pearl 
River subaqueous delta has achieved some results, most 
of the existing research findings focus on the local 
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regions and the research on the entire estuary are 
extremely few. In this paper, remote sensing and GIS 
technology was applied to study the characteristics of the 
coastal evolution in the whole Pearl River estuary area, 
and a subaqueous digital elevation model was set up to 
analyze the scouring and silting characteristics from 
1960s to 2000. Furthermore, based on these phenomena, 
the major probable causes were discussed and some 
essential management suggestions of exploiting the Pearl 
River estuary were put forward. 
 
 
METHODOLOGY 
 
Study Area 
The Pearl River estuary, located in the southeast of 
Guangdong province, is one of the largest estuaries in 
China. The Pearl River basin is composed of three main 
water systems: Xijiang, Beijiang and Dongjiang, forming 
a unique complex crisscross river network. And the 
runoff downstream flows into the South China Sea 
through eight outlets finally, which are named Yamen, 
Hutiaomen, Jitimen, Modaomen, Hengmen, Hongqimen, 
Jiaomen and Humen, respectively. According to the 
different geomorphic and dynamic characteristics, the 
Pearl River estuary area has been divided into four 
typical water areas: Huangmaohai, Jitimen, Modaomen 
and Lingdingyang, as shown in Fig. 1. 
 
 
 
Fig. 1  The map of the Pearl River estuary. Areas A, B, 
C& D represent four typical water areas: Huangmaohai, 
Jitimen, Modaomen and Lingdingyang, respectively. 
 
Data Processing 
In consideration of the wideness of the study area, 
the remote sensing and GIS technology seems to be a 
quite more accurate and efficient method to analyze the 
evolution process in the Pearl River estuary. The process 
of modeling was as follows. 
a)  Collection and processing  
The ground information could be gained from the 
bands of the multispectral remote sensing images. 
Considering both the uniqueness and the correlation 
among the bands, the best combinations of bands in TM 
image, MSS image and ETM+ image, were chosen as 
TM — 5+4+3, MSS — 3+2+1 and ETM+ — 5+4+3 
respectively. And then, after preprocessing of the remote 
sensing data, such as coordinate conversion, image 
mosaic and false color composite, the final remote 
sensing images could be achieved. The final image in 
1990s was shown in Fig. 2 as an example. 
 
 
 
Fig. 2  Remote sensing image of the Pearl River estuary 
in 1990s 
 
b)  Interpretation and extraction  
There exist different types of coast in the Pearl River 
delta, including mountain, plain, mangrove, sand and silt. 
The coastline data of the Pearl River estuary were 
interpreted according to the respective image features of 
different types of coast, because different types of coast 
showed different image features in the remote sensing 
images. Based on these remote sensing interpret tags, the 
coastline in vector format could be extracted from the 
remote sensing images finally, with the support of ENVI 
software. 
c)  Modeling 
Using the historical chart of Pearl River estuary, a 
subaqueous digital elevation model had been constructed 
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based on ArcInfo platform of GIS technique. After that, 
a digital slope model and a slope aspect model of the 
estuary were developed in succession.  
 
Analysis Method 
a)  Shoreline evolution 
Statistical analysis method and the fractal analysis 
method were mostly used to quantitatively calculate the 
rate of shoreline evolution. This paper used perimeter-
area fractal analysis method to research the rate of 
evolution, i.e. the average shoreline variation was 
considered approximately as the ratio of the change of 
the area enclosed by coastline to the length of the 
coastline. 
b)  Erosion and siltation 
With the contours in the horizontal direction being 
built based on the GIS digital elevation model, the 
variation in the plane during the given period could be 
calculated by superposing the bathymetric chart in 
different periods. And the quantity of the erosion and 
siltation could be obtained directly by using 3D analysis 
module of ArcGIS. It should be noted that it was silting-
up when the variation was positive, vice versa. 
 
 
RESULTS 
 
Shoreline Evolution 
Referring to Fig. 3, it was found that the coastline of 
the Pearl River estuary had been silting seaward since 
1970s. Some of the offshore islands were connecting to 
the mainland little by little because of silting-up. It was 
considered that the coastline of the islands also played an 
important role in representing the evolution of the Pearl 
River estuary. And the kinds of island included the 
 
 
 
Fig. 3  Change of the coastline in the Pearl River estuary 
from 1970s to 2000 
offshore islands which were significantly influenced by 
human activities and the open-sea islands which were 
almost in a natural state due to the less affected by 
human. 
 
Table 1  (a) shows the results of evolution along the 
coast of the mainland; (b) shows the results of evolution 
around the offshore islands and (c) shows the results of  
evolution around the open-sea islands.  
 (a) 
Year 
Coastline 
length 
(m) 
Length 
change 
(m) 
Distance 
change 
(m) 
Silting 
rate 
(m/yr) 
1976 527224.0 - - - 
1993 584929.0 57705.0 652.9 38.4 
2000 604011.0 19082.0 209.6 29.9 
2006 600248.0 -3763.0 127.1 21.2 
mean - 73024.0 1000.8 33.4 
 (b) 
Year 
Coastline 
length 
(m) 
Length 
change 
(m) 
Distance 
change 
(m) 
Silting 
rate 
(m/yr) 
1976 548894.6 - - - 
1993 538765.8 -10128.9 31.1 1.8 
2000 568427.8 29662.1 93.3 13.3 
2006 582099.6 13671.8 32.9 5.5 
mean - 33205.0 157.3 5.2 
 (c) 
Year 
Coastline 
length 
(m) 
Length 
change 
(m) 
Distance 
change 
(m) 
Silting 
rate 
(m/yr) 
1976 387608.5 - - - 
1993 420358.4 32749.8 20.4 1.2 
2000 410545.1 -9813.3 1.8 0.3 
2006 405149.2 -5395.9 -0.6 -0.1 
mean - 17540.6 21.6 0.7 
 
As seen in Table 1, it showed that the average value 
of the silting distance of the coastline seaward was quite 
large while the silting rate had been decreasing since 
1970s. The coastline of the offshore islands went into a 
drastic state of silting in 1990s, with a relatively slightly 
increase of the silting rate. However, after 2000, the 
silting rate significantly decreased. The coastline of the 
open-sea islands was generally silting with a relatively 
great change from 1970s to 1990s but had been moving 
landward since 2000, which could be attributed to the 
sea level rise.  
 
Erosion and Siltation 
Based on the digital elevation model, the isobaths 
model was set up by using ArcGIS, taking the one of 
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1970s as an example shown in Fig. 4. It could be seen 
that the water depth contours including -2 m, -5 m and -
10 m were almost located in the bay where they were 
always influenced by human activities while the water 
deeper than -10 m was nearly in a natural state outside of 
the bay.  
 
 
 
Fig. 4  Bathymetric chart of the Pearl River estuary in 
1970s 
 
Moreover, referring to the calculation shown in Fig. 
5 as well as Fig. 6, it could be seen that the depth 
contours were almost silting seaward during the given 
period, except -2 m, -20 m and -25 m depth contours 
which kept eroding landward before 1990s. In addition, 
it was noticed that the magnitude of the change of almost 
all depth contours had been significantly increased after 
1990s. In brief, it was indicated that -2 m depth contour 
closely along the shoreline was silting seaward within a 
small range over the past 30 years; -5 m depth contour 
near the deep pool had suffered erosion before 1990s but 
went into a silting-up state after then; and -10 m depth 
contour which was generally located in the mouth of the 
bay had been silting significantly since 1990s.  
 
Fig. 5  Change of the areas enclosed by different depth 
contours in typical periods 
 
 
 
Fig. 6  Change of the horizontal distance between 
different depth contours in typical periods 
 
 
 
Fig. 7  Change of the siltation in different waters. H, J, 
M and L represent the water area of Huangmaohai, 
Jitimen, Modaomen and Lingdingyang, respectively.  O 
represents the water area of open sea and T represents 
the total study area 
 
In order to analyze the variation of the erosion and 
siltation in the different water areas of the Pearl River 
estuary, 3D Analysis module of ArcGIS was used to 
calculate the change of the area enclosed by different 
depth contour from 1960s to 2000, as shown in Fig. 7. It 
could be found that the whole water area of the estuary 
was almost in a state of siltation, except the area of 
Modaomen where the erosion was especially significant 
during 1990s. 
By the overlaying analysis of grid models in different 
given periods, the model representing the change of 
erosion and siltation could be gained to analyze the 
temporal-spatial distribution of the evolution of the 
subaqueous Pearl River delta. For example, the grid 
model representing the distribution features of the 
erosion and siltation from 1960s to 2000 was shown in 
both Fig. 8 and Fig. 9. The analysis found that the whole 
water area of the Pearl River estuary was mostly silting 
up during the given period, except the area where there 
existed deep pools. 
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Fig. 8  Map of the temporal-spatial distribution of the 
erosion and siltation from1960s to 2000. Different colors 
represent different silting thickness. 
 
 
 
Fig. 9  Map of the temporal-spatial distribution of the 
rate of erosion and siltation from 1960s to 2000. 
Different colors represent different rates of siltation. 
 
In conclusion, the coastal progradation was mostly 
proceeding along the coastline of the Pearl River delta 
and the various characteristics of the evolution of the 
subaqueous Pearl River delta were displayed in different 
water areas. For instance, the siltation had been 
gradually weakened in the water area of Huangmaohai 
over the past 30 years but had been intensified in the bay 
of Jitimen. However, the units with the same geomorphic 
features had been found to have the similar evolution 
characteristics. In both water areas of Modaomen and 
Lingdingyang, the area of deep pool was easily to be 
eroded while the area which was close to the shoal such 
as the sand bar was probably in a silting-up state.  
 
 
DISSCUSSION 
The fundamental reason for the evolution of erosion 
and siltation in the estuary was considered as the 
valuation of the sediment which was mostly influenced 
by sediment sources, sedimentary features, dynamic 
factors, and human activities. Synthesizing the two sides 
of factors including natural and human factors, the paper 
discussed the causes of coastal evolution in the Pearl 
River estuary. 
In the natural condition of the Pearl River estuary, 
the sediment carried by the runoff downstream should be 
the main source of siltation, and the estuarine delta area 
was abundant in sediment supply due to the interaction 
between tidal current and river flow. However, the 
silting of the Pearl River estuary gradually weakened its 
intensity because of the decrease of the sediment 
discharge in recent years. Moreover, it should be realized 
that human had played a very important role in evolution 
of the estuary over the past years, for instance, the 
shoreline kept moving seaward as a result of coastal 
beach reclamation and the main channel was obviously 
scoured due to the waterway regulation engineering. 
Furthermore, it was found that the specific causes of 
the four given waters were not quite the same, though all 
of them were severely affected by human. 
a)  Huangmaohai is a tidally-dominated sub estuary 
with a vertical density circulation which is the main 
dynamic factor of siltation in the bay of Huangmaohai. 
However, it was found that the sediment discharge in 
this estuary became smaller in recent years. According to 
the coastal beach reclamation project, the impacts of 
tidal current on the east bank increased while the impacts 
on the southern portion of the west bank decreased. 
Because of these changes of tidal actions, the rate of 
siltation of the east bank decreased and the area of 
southern portion of the west bank appeared siltation. In 
addition, Gaolan-Nanshui Levee which had trapped the 
sediment also resulted in the decrease of the rate of 
silting in the east beach. 
b) Jitimen is a riverine sub estuary influenced by the 
salt intrusion. The sediment discharge there was a little 
larger than that in Lingdingyang, although the absolute 
value of the discharge was decreasing recently. Due to 
the coastal beach reclamation which narrowed the water 
area, the rate of siltation in the bay decreased. Moreover, 
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because of the construction of Gaolan-Nanshui Levee 
forming an independent area which was influenced by 
interaction of runoff and tide, the siltation appeared in 
the north of Gaolan Island. 
c) The sediment discharge in Modaomen was the 
largest in the Pearl River estuary although the rate of 
siltation there decreased in the past years. It was a 
riverine-dominated sub estuary and its specific dynamic 
structure caused the siltation to proceed southwestward 
outside the mouth. Because of the reclamation projects 
of the shoal, the tidal prism significantly decreased as the 
water area greatly decreased. It was noticed that the 
scouring in the deep pool as well as the silting in the 
shoal was strengthened after the waterway regulation 
engineering in Modaomen. 
d) Different from the three other waters, the sediment 
discharge in Lingdingyang became larger gradually, 
resulting in siltation in the bay of Lingdingyang over the 
past years. Due to the long-term coastal reclamation, the 
mouth of the estuary became into a funnel shape, where 
the density currents would easily be generated to cause 
the sediment to deposit near the sand bar. With the shoal 
silting seaward, the effect of waves on the scouring and 
silting became stronger there. In addition, the waterway 
regulation engineering strengthened the scouring in the 
west channel. 
 
 
CONCLUSION 
Based on remote sensing and GIS technology, this 
thesis analyzed the coastal evolution including the 
coastline as well as the subaqueous delta of the Pearl 
River estuary. After then it discussed the probable causes 
of the evolution from several points of view. The 
conclusion of this research showed that evolution of the 
outline of the shoreline would have an important effect 
on the change of dynamic environment as well as the 
geomorphic features in the estuary. Therefore, the 
coastal reclamation was suggested to carry out following 
the laws of nature to ensure the sustainability of the 
estuary. In addition, it should be remembered that less 
work would have to be done for more achievements in 
the waterway regulation engineering if the regulation 
measures were proposed according to natural evolution 
characteristics of scouring and silting. 
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